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ABSTRACT
The reaction between cis-[ReVO2I(PPh3)2] and H3duo (N-(2-hydroxybenzylidene)-5-amino-1,3-dimethyl uracil) led to the
formation of the oxofree, imido compound, trans-[ReV(ddd)(Hduo)(PPh3)2]I (1) (H2ddd = 5,6-diamino-1,3-dimethyluracil). An oxo
complex, cis-[ReV(bcp)OCl2(PPh3)](2) [Hbcp = N-(2-hydroxybenzylidene)-benzothiazole] was isolated from the reaction of
trans-[ReOVCl3(PPh3)2]with Hbcp. The crystal structures of the compounds were determined by single crystal X-ray diffraction.
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The focus on the coordination chemistry of rhenium has been
largely due to the potential application of the 186/88Re
radionuclides in radiotherapy.1 Pivotal to the further advance-
ment of rhenium radiopharmaceuticals is the coordination of
biologically relevant ligand systems, which is essential for
optimal biodistribution. For example, the 11C radiolabelled
Pittsburgh Compound B (PIB) has shown excellent diagnostic
properties for amyloidal plaques of Alzheimer’s disease, and has
led to an extensive search for novel Re-PIB analogues.2
Recently we reported the reaction of cis-[ReO2I(PPh3)2] with
H2ddd to afford the product [Re(ddd)(Hddd)I(PPh3)2](ReO4).3
The study was further extended to the derivatization of H2ddd
to form the Schiff base N-(2-aminobenzylidene)-5-amino-1,3-
dimethyl uracil (H3dua). The reaction of trans-[ReOCl3(PPh3)2]
with H3dua in ethanol gave a mixed crystal structure which con-
tains both the neutral oxorhenium(V) complex [ReOCl(Hdua)]
and the imido rhenium(V) [Re(dua)Cl2(PPh3)] in an equimolar
ratio in the asymmetric unit cell.4 The interest in the H2ddd
ligand and derivatives arises from its antitumour activity and
biological relevance with nucleotide bases.5
Herein, we communicate the coordination behaviour of the
[ReVO]3+ core towards the Schiff base ligands, H3duo and Hbcp
which afford the oxofree compound (1) and the oxo complex (2),
respectively. The ligands, H3duo and Hbcp were synthesized by
the condensation reactions of salicylaldehyde with H2ddd and
2-aminobenzothiazole, respectively (Scheme 1). These com-
pounds were characterized via UV–Vis, IR, NMR spectroscopy,
conductance, cyclic voltammetry and single crystal X-ray
diffraction.
The oxofree ‘3+1’ complex cation, trans-[ReV(ddd)(Hduo)
(PPh3)2]+ was isolated as the iodide salt from a 1:2 molar ratio
reaction between cis-[ReVO2I(PPh3)2] and H3duo. The ddd ligand
is formed by hydrolysis. Reactions with the metal precursor
cis-[ReO2I(PPh3)2] have formed several cationic compounds with
iodide as the counterion.6 For example, the rhenium(V) cationic
salts [ReO(dien)(aa)]+ with iodide as an anion, was isolated from
diethylenetriamine (dien) and the respective amino acids
glycine, alanine, valine (aa).7 An unusual dimeric compound,
(µ-O)2[Re2O2(btn)2]I2 was synthesized from (btn = bis(benzi-
midazole-2-ylethyl)sulfide) and cis-[ReO2I(PPh3)2]. This
dicationic compound exhibits an asymmetric (µ-O)2Re2 core and
the two btn ligands act as neutral N2S chelators.8
The oxo complex, cis-[ReV(bcp)OCl2(PPh3)](2) was synthesized
in good yield from the reaction of trans-[ReOVCl3(PPh3)2] with
Hbcp. The bcp ligand acts as a monoanionic bidentate moiety
with coordination through the neutral imino nitrogen and the
deprotonated phenolic oxygen. Although the complex can also
be obtained from a 1:1 molar ratio, the best yield was obtained
through a 1:3 molar ratio with respect to the rhenium precursor.
Both 1 and 2 are soluble in most polar solvents, except for 1
which is insoluble in chloroform. Compound 1 is a 1:1 electrolyte
(iM = 89 ohm–1 cm2 mol–1) in DMF whereas complex 2 was found
to be a non-electrolyte in DMF. The 1H NMR spectra showed
shifts of the Schiff Base hydrogens for the respective com-
pounds. For 1, a downfield shift of the imine proton from
Ç10.05 ppm (in the free H3duo ligand) to Ç9.44 ppm (in the com-
plex) is observed. For 2, the Schiff base hydrogen, H(5) resonates
at Ç8.42 ppm which is considerably lower than the free ligand,
Hbcp (at Ç10.66 ppm).
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Scheme  1
Structures of the ligands.
The IR spectrum of 1 contains a weak absorption at 1090 cm–1,
which is within the region (1000–1200 cm–1) expected for the
å(ReÿN).9 An intense å(Re=O) stretching frequency is observed
at 970 cm–1(for 2) which is within the literature region
[890–1020 cm–1] found for other oxorhenium(V) compounds.10
The å(C=N) of 1 occurs at a lower frequency compared to that
of the free ligand H3duo (at 1608 cm–1). The C=N vibrational
frequencies of the Schiff base (1585 cm–1) and heterocyclic
(1603 cm–1) bonds of 2 appeared at lower frequencies compared
to that of the Hbcpf free ligand (1608 cm–1 for å(C=N)Schiff base and
1661 cm–1 for å(C=N)heterocyclic.
The UV/Vis spectrum of 1 exhibits a single electronic transition
at 391 nm due to the intra-ligand éÃé* transition which is at a
longer wavelength compared to 2 (at 340 nm). No d-d transitions
were observed for both complexes. Redox properties were
probed via cyclic voltammetry in dry DMF, using a glassy carbon
electrode. The sweep to negative potentials showed irreversible
redox processes at Ep = –0.961 V (for 1) and Ep = –0.703 (for 2) vs.
Ag|AgCl, which are due to the one electron reduction for the
Re(IV)/Re(V) redox couple. Both redox processes exhibit diffusion
controlled behaviour at various scan rates and have comparable
oxidation potentials with other Re(V) compounds.11
Trans-[Re(ddd)(Hduo)(PPh3)2]I (1)
The rhenium atom is at the centre of a distorted octahedron
with the bond angles P(1)-Re-P(2) [169.45(4)°], N(1)-Re-N(5)
[163.6(1)°] and N(6)-Re-O(1) [158.8(1)°] deviating substantially
from linearity (see Fig. 1). Subsequently, the P(1)-Re-N(1)
[85.6(1)°], P(1)-Re-N(5) [98.95(9)°], P(1)-Re-N(6) [102.94(9)°] and
P(1)-Re-O(1) [78.61(9)°] bond angles emphasize the deviation
from orthogonality. These deviations are ascribed to the con-
straints imposed by the coordinated tridentate Hduo ligand
which affords a larger bite angle for the six-membered chelate
ring [N(5)-Re-O(1) = 85.6(1)°] compared to the five membered
chelate ring [N(5)-Re-N(6) = 73.2(1)°]. Although the complex
displays a distorted octahedral geometry, no displacement of
the rhenium atom was observed out of the N(1)N(6)N(5)O(1)
equatorial plane. The uracil moiety of the ddd ligand forms a
dihedral angle of 4.06° with the N(1)N(6)N(5)O(1) equatorial
plane.
Within the Hduo ligand, a dihedral angle of 11.27° is observed
between the planes of the uracil moiety and phenyl moiety. The
C(14)-N(5)-C(13) = 119.0(3)° bond angle is close to 120° which
confirms that the nitrogen is sp2 hybridized. This bond angle
concurs with the bond length N(5)-C(13) = 1.318(6) Å which is
within the expected range found for Schiff base bond lengths.12
The linear pyridylimido core [Re-N(1)-C(1)] affords a bond angle
of 168.6(3)° which deviates considerably from linearity. Indica-
tive to the bond angle, the Re-N(1) has a bond length of
1.766(3) Å which is unexpected since it falls outside the range
[1.72(1)–1.74(1) Å] for a triply bonded nitrogen to the metal
centre. 1 3 The same phenomenon was observed for
[Re(ddd)(Hddd)I(PPh3)2](ReO4) where the ddd ligand coordi-
nated in the same manner. A similar pyridylimido bond angle
[168.8(5)] and ReÿN length [1.779(5) Å] was observed.3
The rhenium amido bond length, Re-N(6) = 2.094(3) Å falls just
outside the expected range of 1.91(1)–2.05(1) Å.4,13 The Re-O(1) =
2.001(3) Å and Re-N(5) = 2.185(3) Å bond lengths agree well with
those found in literature for ReV-Ophenolate and ReV-Nimino bonds.14
Interactions via - stacking occur through the Hduo phenyl
group and the respective triphenylphosphine [P(1)Ph3 and
P(2)Ph3] groups. A centroid to centroid distance of 3.829 Å is
observed between the C(7)-C(12) phenyl plane of the Hduo
ligand and the plane of the phenyl ring C(20)–C(25) of the
triphenylphosphine moiety P(1), with the distance between the
C(7)–C(12) and C(38)–C(43) planes being longer at 4.222 Å. These
different interactions may be accounted to the shorter bond
length of Re-P(2) [2.461(1) Å] compared to Re-P(1) [2.506(1) Å].
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Figure 1 Molecular diagram and atom numbering scheme of trans-[Re(ddd)Hduo(PPh3)2]+. Thermal ellipsoids are drawn at 40 % probability, the
iodide counterion and hydrogen atoms have been omitted for clarity.
Cis-[ReV(bcp)OCl2(PPh3)] (2)
Complex 2 is monomeric, neutral and exhibits a distorted
octahedral geometry with the equatorial plane defined by the
Cl(1)Cl(2)PN atoms(see Fig. 2). This octahedral imperfection is
largely due to the bite angle N-Re-O(2) [82.8(2)°], which induces
a non-linear axial bond angle O(1)-Re-O(2) [165.80°]. However
the Cl(1)-Re-Cl(2) = 88.14(7)°, P-Re-N = 94.14(2)°, P-Re-Cl(2) =
90.03(7)° and Cl(1)-Re-N = 87.1(2)° bond angles are relatively
close to orthogonality.
The Re=O(1) bond length of 1.688(5) Å is within the range
[1.68(1)–1.72(1) Å] found for this class of oxorhenium (V) com-
plexes.15The ReV-Ophenolate [1.949(5) Å] and ReV-Nimino [2.165(6) Å]
bond lengths of 2 are comparable with those of compound 1. The
similar compounds cis and trans-[ReOX2(hpb)PPh3)2] (X = Cl,
Br), (Hhpb = 2-(2-hydroxyphenyl)-1H-benzimidazole) have
comparative Re-Ophenolate bond lengths.16 The oxorhenium(V)
complex cis-[ReOBr2(dhp)(PPh3)] (Hdhp = 2-(2-hydroxy-
phenyl)-1H-benzothiazole) has a Re-P [2.486(2) Å] bond length
almost identical to 2 [Re-P = 2.481(2) Å].17 The different bond
lengths for Re-Cl(1) [2.401(2) Å] and Re-Cl(2) [2.351(2) Å] bonds
are ascribed to the stronger trans effect of the P atom. The com-
plex is stabilized by - stacking between the C(16)–C(21)
phenyl plane of the triphenylphosphine and the C(1)–C(6)
phenyl plane of the bcp ligand. A centroid to centroid distance of
3.810 Å is observed between the two planes.
Experimental
Synthesis of 1
H3duo (0.063 g, 230 µmol) was added to a solution of
cis-[ReVO2I(PPh3)2] (0.100 g, 115 µmol) in 20 cm3 acetonitrile and
the mixture was heated at reflux for 1 h under a nitrogen atmo-
sphere. Brown cubic crystals suitable for X-ray crystallographic
analysis were grown from the mother liquor. Yield = 56 %
(0.088 g); m.p. > 350 °C; Conductivity (DMF, 10–3 M) =
89.01 ohm–1 cm2 mol–1; IR (åmax/cm–1): å(N-H) 3428, 3229 (w),
å(C=O) 1679 (s), å(C=N) 1595 (s), å(ReÿN) 1090 (w), å(P-C) 795
(vs); 1H NMR (d6-DMSO/ppm): 11.27 (s, 1H, N(6)-H), 10.23 (t, 2H,
H2, H3), 9.81 (d, 2H, H1, H4), 9.44 (s, 1H, H5), 7.05–7.93 (m, 30H,
2xPPh3), 7.85 (s, 2H, N(4)-H2), 3.49 (s, 6H, C(16)H3, C(18)H3), 3.01
(s, 6H, C(3)H3, C(5)H3); UV-Vis (DMF, ämax (É, M–1 cm–1)): 391 nm
(4880).
Synthesis of 2
A mixture of Hbcp (0.137 g; 540 µmol) and trans-
[ReOCl3(PPh3)2] (0.150 g; 180 µmol) in acetonitrile (20 cm3) was
heated under reflux for three hours. The resultant dark green so-
lution was allowed to cool to room temperature. Slow evapora-
tion of the filtered solution yielded green, needle-like crystals.
Yield = 84 % (0.2480 g); m.p. 243–248 °C; Conductivity (DMF, 10–3
M) = 16.54 ohm–1cm2mol–1; IR (åmax/cm–1): å(N-H) 3068 (w),
å(C=N)Schiff base 1603 (m), å(C=N)heterocyclic 1585 (m), å(Re=O) 970
(s), å(P-C) 747 (vs); 1H NMR (d6-DMSO/ppm): 8.42 (s, 1H, H5),
8.04 (t, 1H, H8), 7.40–7.71 (m, 15H, PPh3), 7.36 (t, 1H, H5), 7.21 (d,
1H, H7), 6.90–7.06 (m, 5H, H1, H2, H3, H4, H6); UV-Vis (DMF, ämax
(É, M–1 cm–1)): 340 nm (1720).
Acknowledgements
We are grateful to the University of KwaZulu-Natal and the
National Research Foundation of South Africa for financial
support.
Supplementary Materials
CCDC-885630 and 885631 contains crystallographic data for
this article. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cam-
bridge Crystallographic Data Centre (CCDC), 12 Union Road,
Cambridge CB21EZ, UK; Fax: +44(0)1223-336033; E-mail:
deposit@ccdc.cam.ac.uk]. Geometrical parameters, crystal and
structure refinement data for both compounds can be obtained
in the supplementary material.
References
1 U. Abram and R. Alberto, J. Braz. Chem. Soc., 2006, 1486–1500.
2 K. Lin, M.L. Debnath, C.A. Mathis and W.E. Klunk, Bioorg. Med. Chem.
RESEARCH ARTICLE I.N. Booysen, M. Ismail, T.A. Gerber, M. Akerman and B. Van Brecht, 176
S. Afr. J. Chem., 2012, 65, 174–177,
<http://journals.sabinet.co.za/sajchem/>.
Figure 2 Molecular diagram and atom numbering scheme of cis-[Re(bcp)OCl2(PPh3)]. Thermal ellipsoids are drawn at 40 % probability and
hydrogen atoms have been omitted for clarity.
Lett., 2009, 19, 2258–2262; X. Chen, P. Yu, L. Zhang and B. Liu, Bioorg.
Med. Chem. Lett., 2008, 18, 1442–1445.
3 I. Booysen, T.I.A. Gerber, P. Mayer and H.J. Schalekamp, J. Coord.
Chem., 2007, 60,1755–1761.
4 P. Mayer, E. Hosten, T.I.A. Gerber and I. Booysen, J. Iran. Chem. Soc.,
2010, 7, 775–780.
5 M. Gulcan, M. Sonmez and I. Berber, Turk. J. Chem., 2012, 36, 189–200;
O.A. Fathalla, I.F. Zeid, M.E. Haiba, A.M. Soliman, S.I. Abd-Elmoez
and W.S. El-Serwy, World J. Chem., 2009, 4,127–132.
6 B. Royo, E. Herdtweck and C.C. Roma, Eur. J. Inorg. Chem. 2004, 16,
3305–3309.
7 T.I.A. Gerber, K.C. Potgieter and P. Mayer, Inorg. Chem. Comm., 2011,
14, 1115–1118.
8 M.F. Cerda, E. Méndez, L. Malacrida,C.F. Zinola, C. Melián, M.E. Mar-
tins, A.M.C. Luna and C. Kremer, J. Colloid Interface Sci., 2002, 249,
366–371.
9 M. Porchia, F. Tisato, F. Refosco, C. Bolzati, M. Cavazza-Ceccato, G.
Bandoli and A. Dolmella, Inorg. Chem., 2005, 44, 4766–4776.
10 V.M. Béreau, S.I. Khan and M.M. Abu-Omar, Inorg. Chem., 2001,
40,6767–6773; D. Hauenstein and U. Abram, Inorg. Chem. Comm.,
2011, 14, 1262–1265.
11 G. Battistuzzi, A.B. Corradi, D. Dallari, M. Saladini and R. Battistuzzi,
Polyhedron,1999, 18, 57–63 (and references therein).
12 T. Doleck, J. Attard, F.R. Fronczek, A. Moskun and R. Isovitsch, Inorg.
Chim. Acta, 2009, 362, 3872–3876.
13 F. Refosco, F. Tisato, C. Bolzati and G. Bandoli, J. Chem. Soc., Dalton
Trans., 1993, 605–618.
14 D. Morales, Y. Zheng, J.R. Dilworth, R. Redon and H. Torrens, Inorg.
Chim. Acta, 2001, 314, 37; W.A. Herrmann, M.U. Rauch and G.R.J.
Artus, Inorg. Chem., 1996, 35, 1988–1991.
15 E. Jengo, E. Zangrando, S. Mestroni, G. Fronzoni, M. Stener and
E. Alessio, J. Chem. Soc. Dalton Trans., 2001, 1338–1346.
16 B. Machura, M. Wolf, J. Kusz and R. Kruszynski, Polyhedron, 2009, 28,
2949–2964.
17 I.N. Booysen, T.I.A. Gerber and P. Mayer, Inorg. Chim. Acta, 2010, 363,
1292–1296.
RESEARCH ARTICLE I.N. Booysen, M. Ismail, T.A. Gerber, M. Akerman and B. Van Brecht, 177
S. Afr. J. Chem., 2012, 65, 174–177,
<http://journals.sabinet.co.za/sajchem/>.
